Principal component analysis PCA was employed to aid the interpretation of interconformer relationships. The application of PCA to both distributions of experimental structures and molecular dynamics trajectories, along with its ability to provide considerable insight into the nature of conformational differences in a range of protein families and other biomolecules, has been previously discussed (5) (6) (7) (8) (9) . Briefly, "core" positions of the structure were first obtained from analysis of the crystallographic ensemble of each family. The core positions correspond to relatively rigid regions useful for superposing crystal structures and MD conformers prior to further analysis. Next, the Cartesian coordinates of equivalent atoms from the superposed structures were used to define the elements of a covariance matrix. The covariance matrix was then diagonalized to derive principal components with their associated variances. Both crystal structures and MD conformers were projected on the subspace defined by principal components with the largest variances. These basis sets were found to give a clear separation of nucleotide dependent conformational states and provide a succinct summary of the nature of conformational sampling during simulations (see Fig. 1 and references (7, 9) ). Further details of this analysis can be found on the Bio3D wiki ( http://bio3d.pbworks.com/ ).
Accelerated molecular dynamics
Accelerated MD (aMD) extends the accessible time scale of conventional MD simulations by altering the underlying potential energy surface of the system under study. Acceleration stems from the addition of a non-negative boost potential that raises the energy within basins (10) . Hence a trajectory propagated on this modified surface makes transitions from state to state with an accelerated rate. Furthermore, canonical ensemble averages of the system can be obtained by reweighing each point on the modified potential by the strength of the Boltzmann factor of the bias energy at that particular point (10) . In the current study we apply the dual boost approach and corresponding potential developed previously (10, 11) .
Atomic models were prepared from high-resolution crystal structures of Ras and Rho (Ras PDB codes: 4Q21, 1QRA and 1Q21. Rho PDB codes: 1FTN, 1A2B and 1LB1). These structures are representative of distinct conformations as highlighted by PCA. Each model was simulated in the absence of nucleotide and with bound nucleotide, either Mg 2+ ·GDP or Mg 2+ ·GTP. All accelerated MD (aMD) simulations were performed using periodic boundary conditions, TIP3P water and charge-neutralizing counter ions, with full particle-mesh Ewald electrostatics. Operational parameters included a 2fs time step and a 10Å cutoff for the truncation of VDW non-bonded interactions. Constant volume heating (to 300K) was performed over 10ps, followed by constant temperature (300K), constant pressure (1atm) equilibration for an additional 200ps. Finally, constant pressure constant temperature production dynamics was performed with both classical and accelerated MD implementations. The SHAKE algorithm was used to constrain all covalent bonds involving hydrogen atoms. In the current study we apply the dual boost approach and corresponding potential developed previously (10, 11). The energy level, E, below which the boost is applied and tuning parameter, α, that modulates the depth and local roughness of basins in the modified potential were based on an earlier work (7).
Mutational analysis
An additional mutant Ras system (based on PDB entry 1Q21) was simulated in the nucleotide free state. Residues D47, E49, R161 and R164 from the loop 3 and alpha 5 region were mutated in silico to Alanine by deletion and renaming of appropriate side-chain atoms. Classical MD simulations were carried out on both wild type and mutant systems with standard operational parameters identical to those used for aMD described previously.
Cross correlation analysis
To identify protein segments with correlated atomic motions the cross-correlation coefficient, C ij , for the displacement of all Cα atom pairs, i and j, was calculated:
where ∆r i is the displacement from the mean position of the ith atom determined from all configurations in the trajectory segment being analyzed (see references (12, 13) for further details). Figure S1 . Induced fit and conformational selection models. The induced-fit model (highlighted in red) dictates that the bound like conformation, R2, is induced only after interaction with a binding partner (blue). With conformational selection (highlighted in green) the unbound protein (left of figure) explores a range of conformations, some of which are structurally similar to the bound conformation (R2). Interaction with binding partners leads to the preferential selection of favorable pre-existing conformations causing a corresponding shift in the population of microstates in the direction of bound conformations (right of figure) . Supplementary Tables  Table S1 . Minimum RMSD of Rho nucleotide-free trajectory conformations to representative GTP, GDP and empty crystallographic structures indicates the susceptibility to adopt both active and inactive conformations. Supplementary Movie Movie S1. The displacements captured in the first three principal components from analysis of the distribution of Ras crystallographic structures with all-atom PCA. Equidistant atomic displacements from the mean structure are scaled by the standard deviation of the distribution along each principal component. Figure S1 . Figure S2 .
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